Hydraulic jump is one of the rapidly varied flows that different elements can be employed to control it in stilling basins. The purpose of this study is optimal design of obstacles at USBR II stilling basin of Nazloochay dam model. For this purpose, the obstacles at the end chute with thicknesses and heights of 0.5, 1, 1.5 and 2 m and 2, 3 and 4 steps at the end USBR II stilling basin have been considered. Then for the most optimal state, the pressure, water surface profile, turbulent kinetic energy, and turbulent kinetic energy dissipation investigated for discharging 830 m 3 /s by using K-ε and RNG turbulence model and VOF method. According to changes in water height, obstacles selected with heights of 1 and 1.5 equal of standard state at the end chute and 3 steps at the end stilling basin. The comparison of numerical and experimental values of water surface and pressure profiles showed that numerical model has good agreement with experimental results. Also, hydraulic jump on adverse steps at the end stilling basin increase energy dissipation and stability of hydraulic jump. In addition, numerical model can be used to model stilling basins and measuring non-measurable parameters in laboratory.
INTRODUCTION
Stilling basins are usually built at the downstream of structures such as chutes and gates to control the energy dissipation of hydraulic jump (Vischer and Hager, 1998; Chanson, 2015; Chow, 1959 , 2012 , 2011 . In the energy dissipater structures, baffle blocks and end sills are used to prevent the existing jump and placing it in stilling basin, even if the tail water depth is less than the conjugate depth of free hydraulic jump (Peterka, 1984) . Forester and Skrinde (1950) were the first ones who done studies about hydraulic jump on the adverse-sloped surface.
For the first time in Nimrod dam in 1975, a stilling basin was used with end steps where the basin was located in downstream of an ogee spillway, and the flow was controlled through 7 slide gates. The performance of stilling basin has been satisfied in terms of energy dissipation and eroding downstream (Hager, 1992) . (Harleman, 1955) was one of the first researchers who investigated the role of baffle blocks and its effects on flow characteristics at stilling basins. (Armenio et al., 2000) studied the pressure fluctuations using a negative step at the end of hydraulic jump. Ohtsu and Yasuda (1991) investigated the hydraulic jump on adverse steps with the effect of tail water depth, Froude number and the step heights on the type of hydraulic jump and divided the hydraulic jump to six categories. In this regard, (Mossa et al., 2003) studied various types of hydraulic jump on the adverse step with a wider range of effective parameters. They proposed 11 graphs according to Froude number and tail water depth, and they divided the jump to 5 groups. Abdelazim and Yaser (2010) studied the effect of stilling basin shapes on submerged hydraulic jump. The results showed that stilling basins with end steps create the shortest submerged hydraulic jump in stilling basin. Zhao and Misra (2004) simulated hydraulic jump in 2-Dimentioal state and presented the results by velocity and water level profiles, calculating the amount of kinetic energy (k) and energy loss (ε). (Tiwari, 2013) designed a stilling basin model with the effect of wall and the end still and concluded that by a suitable design of the walls size, not only the efficiency of the stilling basin model increases, but also basin lengths decreases 29% in comparison to USBR IV stilling basin. Bharat and Tiwari (2014) studied several models of the stilling basin at the pipe outlet with rectangular and circular sections. They used studies of previous researcher's. Youngkyu et al. (2015) and Hamedi & Fuentes (2016) experimentally studied hydraulic jump, energy dissipation, and characteristics of downstream flow for different types of spillways with sluice gate. Palermo and Pagliara (2015) compared two configurations of stilling basins and predicted the energy dissipation in downstream of the stilling basin for them. (Neveen, 2016) investigated the impact of channel slope on the characteristics of hydraulic jump and tested the attributes hydraulic jump in the vertical valves located in the downstream of a rectangular channel. (Gamal et al., 2016) explored the impact of different shapes of stilling basin with different heights of the end steps on characteristics of submerged hydraulic jump and energy dissipation in the downstream of a sluice gate. (Feimster, 2016) studied the impact of tail water on the designing several stilling basins in the USA. In this study, the optimal performance of the USBR II stilling basin has been assessment with changing the structure of inlet and outlet obstacles at the stilling basin. Then, the flow was simulated by using Flow-3D software in stilling basin. Afterward, the thickness and height of the end blocks of chute changed, and the steps added to the end of USBR II stilling basin of Nazloochay dam model. Finally, the most optimal state of stilling basin selected.
MATERIALS AND METHODS

Experimental Model
Nazloochay reservoir dam is an earth dam with a clay core and 100 m height which has been constructed on Nazloochay river in northwestern Urmia-Iran. The hydraulic model of the flooding discharge system was built based on similarity of the dimensionless Froude number with a scale of 1:40. The material of bottom, the walls of the spillway and stilling basin model is Plexiglas. USBR II stilling basin has been designed for 1000 year old floods for discharging 500 m 3 /s.
To measure the discharge over a rectangular weir and to regulate the water level, the sluice gates were placed in the end channel at the downstream. The rectangular weir and sluice gate is used at the end of channel in downstream to measurement the discharge and regulation of water level. The flooding discharge system of dam includes input channel, free-ogee spillway, chutes and the USBR II stilling basin. USBRII stilling basin, with dimensions of 42*30 m, has energy dissipater blocks at start and end of stilling basin. In 
Numerical Modeling
Although the flow pattern in stilling basins is very complex, the Navier-Stokes equations can presented a mathematically description about them. Nowadays, 3D numerical simulation of free surface flows has become a beneficial and commodious method (Wang and et al., 2009; Wu and Zheng, 2010) .
In this study, Flow-3D software is used to simulate the flow in the stilling basin. This software solved governing equations by the finite volume method and is employed Fractional Area / Volume Obstacle Representation (FAVOR) and the Volume of Fluid (VOF) methods respectively to accuracy in modeling the rigid bodies and to simulate the fluid behavior. The Flow-3D software defines the equations of continuity; momentum and the free surface profile as following: 
Continuity Equation
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Momentum Equation
In Momentum Eq. (2) (Gx, Gy, Gz) are the components of acceleration of the body fluids, (fx, fy, fz) are the acceleration caused by viscosity and (bx, by, bz) are the flow drop in porous media. 
Free Surface Profile
In Eq. (3), F is between [0, 1] that F=1 indicates exiting fluid, and F=0 presents no fluid. In addition, A is the average of flow area, and (u, v, w) are the average velocities in the directions of (x, y, z) respectively [Flow-3D Manual].
VERIFICATION OF NUMERICAL MODEL
In this study according to Figure 2 , USBR II stilling basin has been modeled using Flow-3D software to verify the numerical model. To simulate a flow in USBR II stilling basin, the number of meshes are 300*60*48 in (X, Y, Z) directions as non-uniform structured meshes. The water surface and velocity has been considered for the upstream boundary condition and tail water elevation for downstream boundary condition. Also in this study, air entrainment model has been used due to air entrainment into flow in hydraulic jump and effect on energy dissipation in stilling basin.
Figure 2. Numerical Simulation of USBR II stilling basin
In Table 1 the characteristics of the numerical and experimental model of USBR II stilling basin have been presented.
Table 1. Characteristics of models in USBR II stilling basin
Comparison of numerical and experimental values of water height in USBR II stilling basin in Figure 3 illustrate that the water height in numerical model has not difference with experimental model in the start of stilling basin, but 0.46 m difference has at the outlet of stilling basin (about less than 3%). Therefore, result demonstrates a very high accuracy of the numerical modeling.
RESULTS AND DISCUSSION
In the hydraulic model of Nazloochay dam, hydraulic jump is created for discharges more than the design discharge at the outlet of the stilling basin, and flow affected on tail water waterway and river. In order to reach to a better performance and placing the hydraulic jump into the stilling basin for discharges higher than the design discharge, a strategy is making changes in the structures of the energy-dissipater blocks at the end of chute and putting dentate at the outlet of stilling basin. These changes are implemented as follows:
Changes in Structures of stilling basin
Chute Blocks
In the primary design of USBR II stilling basin, the thickness and height of energy dissipater blocks were considered to be 0.5 m at the end chute. In this study, the chute blocks were investigated with the thicknesses and heights of 0.5, 1, 1.5 and 2 meters. In Figure 4 , energy dissipater blocks are shown at the end chute in the USBR II stilling basin of Nazloochay dam model.
End Structures of Stilling Basin
In USBR II stilling basin, energy dissipater blocks are dentate designed at the end stilling basin. High rate of discharge lead to the erosion of dentate at the end of stilling basin and scour at the downstream waterways. Thus, by eliminating the dentate and creating adverse-sloped surface (3:1; H:V) at the end of the stilling basin, the stilling basin acts like a ski jump bucket at high velocities ( Figure 5 ), although a stable hydraulic jump is created into the stilling basin. So to remove this problem, dentate blocks were eliminated at the end stilling basin, and adverse slope surface at the end stilling basin was changed into a stepped surface ( Figure 6 ). By implementing energy dissipater blocks at the end chute and 2, 3 and 4 steps at end of stilling basin, behavior and performance of flow were probed for discharging 830 m 3 /s. Then the most optimal state of the stilling basin was selected. All of changes into structures of obstacles at the stilling basin are shown in Table 2 . 2 steps 1.5H=3*1.5*1.5 8 3 steps 1.5H=3*1.5*1.5 9 4 steps 1.5H=3*1.5*1.5 10 2 steps 2H=4*2*2 11 3 steps 2H=4*2*2 12 4 steps 2H=4*2*2
Models
Height of chute blocks
The changes made into the inlet obstacles at USBR II stilling basin are as depicted in Figure 7 . In Figure 8 , the values of water height in length of USBR II stilling are illustrated for chute blocks with thickness and heights different for discharging 830m 3 /s. According to Figure  8 by considering the changes of water height for different states of chute blocks, it can be stated that the highest water depth is related to obstacles with 1 and 1.5 equal to the standard height, and the least depth is related to the obstacles with height of 0.5 and 2 equal to standard height. Figure 9 , the water height is shown in stilling basin for 2, 3 and 4 steps at the end stilling basin for chute blocks with different height.
Number of steps at the end stilling basin
In Figure 9 according to the water height for different obstacles in the stilling basin, it can be concluded that when the height of chute blocks is 0.5 m, flow characteristics are almost similar, and there are insignificant different between water heights. Also, the start of hydraulic jump is almost in similar place, but the initial depth of hydraulic jump for the stilling basin with 4 steps is a little more, and the flow has the same characteristics.
For chute blocks with height of 1 m, by considering the same place of the start of hydraulic jump, the initial depth of hydraulic jump is higher for stilling basin with 2 steps, and conjugate depth in the stilling basin with 3 steps is almost 2.5 m higher than other states.
For the chute blocks with height of 1.5 m, the conjugate depth is same, but the initial depth for the stilling basin with 2 steps is about 3 to 5 m less than 2 other states. Furthermore, the difference between the initial and conjugate depths is about 10 m. When the height of chute blocks is 2 m, the lowest water depth relates to the basin with 4 steps, and it is maximum value for the basin with 3 end steps. In general, it can be stated that in all conditions, the basin with 3 steps has higher relative depth in comparison with the other two states. Figure 9 . Water level changes in the stilling basin for different states
Investigation of Parameters in Optimal Stilling Basin
Pressure distribution
Comparing experimental and numerical values of pressure in Figure  10 shows that K-Ɛ turbulence model is more suitable estimator to static pressure rather than RNG turbulence model. Figure 10 . Pressure in the USBR II stilling basin with 3 steps According to Figure 11 , pressure is quite logically simulated by using K-Ɛ turbulence model surrounding obstacles and middle of stilling basin so that the pressure surrounding obstacles is more than the middle of stilling basin due to encountering flow to obstacles. Simulation of pressures in different parts of basin depicts that the pressure less follows than the hydrostatic distribution in start of the basin due to the pressure fluctuations. When the pressure approaches to the static pressure, the fluctuations are diminished, and pressure is approximately hydrostatic.
Water Surface Profile in Optimal Stilling Basin
Comparison of values of water surface profile along the stilling basin using K-Ɛ and RNG turbulence models in Figure 12 shows that numerical model has good agreement with the experimental data. Figure 13 demonstrates the simulation of turbulence kinetic energy in stilling basin by using κ-ε turbulence model. According to figure 13 , the turbulence kinetic energy is high in the start of hydraulic jump in stilling basin, with approach to the end basin, value of this parameter reduces. Moreover, the turbulence kinetic energy increases after the chute blocks due to turbulence and formation of vortices caused by obstacles. Figure 13 . Turbulence kinetic energy in stilling basin, κ-ε turbulence model
Turbulence Kinetic Energy and Turbulence Kinetic Energy Dissipation
In Figure 14 , values of turbulence kinetic energy and turbulence kinetic energy dissipation have been calculated for different sections at stilling basin by using K-ε turbulence model. According to Figure  14 , it can be noted that the maximum turbulence kinetic energy dissipation and turbulence kinetic energy almost occur at the initial sections, and flow has less turbulent at the end sections. In other words, with approach to the end stilling basin, the turbulence kinetic energy dissipation and turbulence kinetic energy profiles get more uniform. Also, in 20-30% of elevation, the maximum turbulence kinetic energy is generated so that considering this remark in the design of stilling basin increases the efficiency of them. Figure 14 . Turbulent kinetic energy and turbulent kinetic energy dissipation for different sections at stilling basin
CONCLUSION
In this study, the changes have been applied in the inlet and outlet obstacles of the USBR II stilling basin of Nazloochay dam model-Iran for discharge more than design discharge. The aim of this study is optimal design of inlet and outlet obstacles at USBR II stilling basin. Results demonstrated that stilling basin with chute blocks with height of 1 and 1.5 equal to the standard state and 3 adverse steps at end was selected as the most optimal stilling basin. The Numerical modeling of pressure and water surface profiles in the most optimal stilling basin was done by using VOF method and K-ε and RNG turbulence models. The results of numerical simulation showed that the numerical model has good agreement with the experimental model, as the numerical model can be used to analyze the flow in a stilling basin. Generally, it can be stated that numerical modeling is useful tool to calculate the non-measurable parameters in laboratory.
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